complex has been shown to be important for the regulation of inflammation; however, its role in the regulation of tumor processes has recently emerged as a research focus. The present study demonstrated that oxaliplatin was able to increase the levels of IL-17/IL-17R in hepatocellular carcinoma (HCC) patients and cells lines, and that it had important roles in reducing the susceptibility of the cells to oxaliplatin-induced apoptosis. Furthermore, the expression of autophagy-related proteins was induced by IL-17/IL-17R and autophagy was shown to induce resistance to oxaliplatin in HCC. In addition, the janus kinase 2 (JAK2)/signal transducer and activator of transcription 3 (STAT3) pathway was shown to be an important pathway in the induction of autophagy in response to oxaliplatin. Autopjhagy was inhibited by 3-methyladenine and JAK2/STAT3 signaling was blocked by AG490, which induced apoptosis in SMMC7721 cells treated with oxaliplatin. The results of the present study may help to elucidate the mechanism underlying the role of IL-17/IL-17R-induced autophagy in the chemoresistance of HCC, as well as help to establish and develop measures to overcome chemoresistance in HCC.
Introduction
Hepatocellular carcinoma (HCC) is a major malignancy worldwide and its incidence is increasing annually; it is the second most common cause of cancer-associated mortality (1) .
The majority of patients have a low survival rate as a result of locally advanced or metastatic diseases, and surgery is feasible for only a small percentage of patients with HCC. Therefore, chemotherapy is the optimal therapeutic strategy for inoperable HCC (2) . Oxaliplatin has been widely used in chemotherapy to reduce tumor recurrence and prolong survival in patients with HCC because of its fewer side effects compared with other platinum drugs (3) . However, chemoresistance to oxaliplatin in the form of suppressed HCC apoptosis is commonly observed (4) .
Interleukin-17 (IL-17) is predominantly secreted by interleukin-17-producing T-helper (Th17) cells, which participate in the progression and pathogenesis of inflammatory diseases (3) . The IL-17 receptor (IL-17R) is expressed on the surface of numerous cells, including macrophages, dendritic cells, epithelial cells, fibroblasts and T lymphocytes (5, 6) . Previous studies reported that IL-17-producing cells accumulated in tumors (7, 8) , and that patients with malignant serum effusions (9) or multiple myeloma (10) showed significantly higher serum levels of IL-17. Furthermore, patients with persistently higher levels of IL-17 demonstrated the requirement for longer courses of chemotherapy, since these patients comprised a significant proportion of all cases of recurrence (11) . Typically, IL-17 does not engage with Toll/IL-1 receptor (TIR) domain-containing adaptors, such as MyD88, TIR domain-containing adapter protein inducing interferon-β or IL-1 receptor-associated kinases (12) . Rather, IL-17 signals through nuclear factor (NF)-κB (13) , mitogen-activated protein kinase (MAPK) (14) and phosphoinositide 3-kinase (PI3K) (14) signaling pathways. The janus kinase 2 (JAK2)/signal transducer and activator of transcription 3 (STAT3) signaling pathway plays an important role in regulating a number of pathways associated with tumorigenesis, including cell cycle progression, apoptosis and tumor cell evasion of the immune system (15, 16) . In a previous study, phosphorylation of STAT3 was markedly increased as early as 3 h following IL-17 treatment and lasted for 24 h (17), which indicated that JAK2/STAT3 signaling may have important roles in tumor progression associated with IL-17.
Autophagy involves lysosomal-mediated degradation of cellular organelles and has been closely related to tumor -induced hepatocarcinoma  apoptosis via the IL-17/IL-17R-JAK2/STAT3 signaling pathway   JINGHUA WU   1,2   , JIAPEI GUO  2 , QING CAO  3 , YI WANG  2 ,   JUNMAO CHEN  2 , ZHIGANG WANG  4 and ZHIYONG YUAN occurrence and progression (18) . A previous study reported that resistance to oxaliplatin in HepG2 cells could be recovered by inhibition of autophagy (19) , which suggested opportunities for exploitation of autophagy as a therapeutic target in cancer.
Autophagy impacts on oxaliplatin
Although the association between IL-17 and tumour chemotherapy has been previously investigated (20) , the underlying mechanism remains unclear. Therefore, the present study aimed to elucidate the role of IL-17/IL-17R-induced autophagy in the resistance of HCC cells to oxaliplatin, and to determine the potential underlying mechanism.
Materials and methods

Patient samples and tissue processing.
A series of HCC specimens were obtained from 30 patients with pathologically confirmed HCC at the Affiliated Hospital of North China University of Science and Technology (Tangshan, China). No patients received adjuvant chemotherapy, radiotherapy or surgery prior to admission. All patients were administered one course (2 weeks) of oxaliplatin, after which the concentration of IL-17 in sera and IL-17R mRNA levels were detected. In addition, matched normal hepatic tissues were obtained from 28 patients who were admitted to hospital due to wounds obtained in a fall or traffic accident. Peripheral blood samples (3 ml) were collected from all patients. HCC biopsy specimens for the detection of IL-17R mRNA expression levels by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) were collected via paracentesis per cutem prior to and following oxaliplatin treatment or surgical resection. Serum IL-17 levels were determined using an ELISA. The present study was approved by the Institutional Review Board of North China University of Science and Technology. Informed consent was obtained from all patients prior to specimen collection.
Cell lines and culture conditions. The human SMMC-7721, L02 and HepG2 cells lines were maintained at 37˚C in a humidified atmosphere containing 5% CO 2 in high-glucose Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% heat-inactivated fetal bovine serum (HyClone; GE Healthcare Life Sciences, Logan, UT, USA), 100 units/ml penicillin and 100 mg/ml streptomycin.
ELISA assays. Serum levels of IL-17 (pg/ml) were measured using a solid phase sandwich ELISA assay according to the manufacturer's protocols (R&D Systems, Inc., Minneapolis, MN, USA).
RNA isolation and RT-qPCR.
To examine IL-17R expression in HCC patients prior to and following oxaliplatin therapy, IL-17R mRNA expression levels in the tumor tissues were compared with matched normal tissues by RT-qPCR. Total RNA was extracted and reverse transcribed using an RNeasy kit (Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA), according to the manufacturer's protocol. RNA (1 µg), along with 10X DNase I reaction buffer and 1 µg DNase I RNase-free was transferred to a 1.5 ml tube where the volume was adjusted to 10 µl using RNase-free water. After incubating for 30 min at 37˚C, the DNase I was inactivated by the addition of 1 µl 25 mM EDTA. The mixture was subsequently heated for 10 min at 65˚C. qPCR was performed in 20 µl reaction volumes containing 2.0 µl cDNA, 0.4 µl of each primer, 6.0 µl ddH 2 O, 0.4 µl ROX reference dye and 10 µl fluorescent SYBR Green (Takara Bio, Inc., Otsu, Japan). Amplification was performed in 96-well optical plates on a 7300 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 30 sec incubation at 95˚C, followed by 45 cycles of 95˚C for 5 sec and 60˚C for 60 sec. The primers used were as follows: IL-17R forward, 5'-CAC TCA CTC TAC GCA ACC TTA A-3', reverse, 5'-AGA TGC CCG TGA TGA ACC-3'; and GAPDH forward, 5'-GCA CCG TCA AGG CTG AGA AC-3' and reverse, 5'-ATG GTG GTG AAG ACG CCA GT-3'.
Each sample was analyzed in triplicate. The 2 -ΔΔCq method of relative quantification was performed to calculate relative changes in the mRNA expression levels of target genes.
Cytokine inhibitor treatment. Cells were cultured in 6-well plates and treated with 20 µg/ml Oxa in the presence or absence of an anti-IL-17R antibody (10 µg/ml) or IL-17 (200 ng/ml) for 18 h. The apoptosis-related proteins BCL-2 and BAX were measured by western blotting. LY294002 (Beyotime Institute of Biotechnology, Haimen, China), a PI3K-specific inhibitor, AG490 (Beyotime Institute of Biotechnology), a JAK2 inhibitor, and 3-MA (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany), an inhibitor of autophagy, were dissolved in dimethyl sulfoxide prior to use. These inhibitors were added to the culture medium 1 h prior to oxaliplatin treatment, with AG490 added at a dose of 15 µg/ml and LY294002 at 7.5 µg/ml. Cells were treated with 20 µg/ml oxaliplatin for 18 h. No cell cytotoxicity of these inhibitors, as assessed using a nuclear dye exclusion assay (21) , was observed at the doses used in this study (data not shown).
Western blotting. Following treatment of the cells with oxaliplatin (20 µg/ml), the cells were lysed in whole-cell lysate (Wuhan Boster Biological Technology, Ltd., Wuhan, China) containing phenylmethylsulfonyl f luoride and a phosphatase inhibitor. Equal quantities of cell lysate (60 µg) were separated by 10% SDS-PAGE and transferred onto polyvinylidene difluoride membranes. After blocking in 5% evaporated milk for 1 h at 37˚C, the membranes were incubated with the following primary antibodies: Anti-IL-17R (#D1Y4C), anti-B-cell lymphoma (BCL)-2 (#D55G8), anti-BCL-2-associated X protein (BAX; #D2E11), anti-microtubule-associated protein 1 light chain 3β (LC3B; #D11), anti-JAK2 (#D2E12), anti-phosphorylated (p)-JAK2 (#D15E2), anti-STAT3 (#D3Z2G), anti-p-STAT3 (#6E4) (all 1:1,000 dilution; Cell Signaling Technology, Inc., Danvers, MA, USA) and anti-Beclin-1 (dilution, 1:500; #B6061; Sigma-Aldrich; Merck Millipore). GAPDH was used as a loading control and was detected using an anti-GAPDH antibody (dilution, 1:5,000; #AP0066; Bioworld Technology, Inc., St. Louis Park, MN, USA). The membrane was incubated for 1 h at 37˚C with goat anti-mouse immunoglobulin (Ig)G (dilution, 1:10,000; #ab6785) and goat anti-rabbit IgG (dilution, 1:10,000; #ab6721) (Abcam, Cambridge, UK). After washing the membrane for 45 min with cleaning solution, proteins were detected using an enhanced chemiluminescence system and graphs were analyzed using Image Lab software v2.5.1 (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Each experiment was repeated three times.
Statistical analysis. Statistical analyses were performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Graphs were analyzed using the Image Lab system. Data are expressed as the mean ± standard deviation of the values from three independent experiments. Statistical analyses were conducted using either the Student's t-test or one-way analysis of variance in comparison with corresponding controls. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of IL-17 and IL-17R in HCC patients.
IL-17 has a role in numerous autoimmune and inflammatory conditions, including rheumatoid arthritis, multiple sclerosis, psoriasis, Crohn's disease and systemic lupus erythematosus, through combining with IL-17R (22) . However, evidence has shown that IL-17 may also contribute to disease progression and treatment response in patients with tumors (23) . In the present study, the levels of IL-17 were significantly increased in oxaliplatin-treated HCC patients, as compared with untreated HCC patients. Prior to treatment, the serum levels of IL-17 were 77.36±22.90 pg/ml, but were significantly increased up to 142.41±33.25 pg/ml after one course of treatment (2 weeks) (P<0.05; Fig. 1A) . Furthermore, the mRNA expression levels of IL-17R in oxaliplatin-treated HCC biopsy specimens were significantly higher compared with untreated HCC biopsy specimens (P<0.05; Fig. 1B) . These results suggest that oxaliplatin increases the expression of IL-17/IL-17R in patients with HCC, and that there is an association between oxaliplatin-induced apoptosis and IL-17/IL-17R.
Oxaliplatin induces the expression of IL-17R in HCC cells.
L02, HepG2 and SMMC-7721 cell lines were cultured in the presence of oxaliplatin and western blot analysis was performed to measure the amount of IL-17R protein in each cell line. The results showed that IL-17R was expressed in HepG2 and SMMC-7721 cells, but not in L02 cells (Fig. 2A) .
In order to confirm the changes in IL-17R expression following oxaliplatin treatment of SMMC-7721 cells, oxaliplatin (20 µg/ml) was added to SMMC-7721 and L02 cells for 18 h. Western blotting showed that the expression of IL-17R 
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increased markedly in oxaliplatin-treated SMMC-7721 cells compared with the untreated cells (Fig. 2B) . These results suggest that IL-17 is expressed in HCC cells and is increased following oxaliplatin treatment. Fig. 2 , IL-17R was expressed in SMMC-7721 cells. Furthermore, expression of IL-17R in SMMC-7721 cells increased markedly following oxaliplatin treatment. However, the role of IL-17R oxaliplatin-induced in these cells is unknown. As a mechanism for programmed cell death, apoptosis is regulated by the BCL-2 family proteins, including BAX, which control the sensitivity of cells to apoptotic stresses. BCL-2 is an anti-apoptosis gene, whereas BAX is an apoptosis-promoting matrix gene (24) . In the present study, IL-17R-blocking and IL-17-promoting assays were designed to observe the effect of IL-17/IL-17R on oxaliplatin-induced apoptosis. Western blotting showed that BCL-2 protein expression was decreased and BAX protein expression was increased in oxaliplatin-treated SMMC-7721 cells, as compared with the untreated cells, which indicated that apoptosis was induced by oxaliplatin treatment (Fig. 3) . When the IL-17R on the surface of SMMC-7721 cells was blocked by a neutralizing anti-IL-17R antibody (10 µg/ml; #MAB177; R&D Systems, Inc.), the expression of BCL-2 was decreased and that of BAX was increased (Fig. 3) . Conversely, the expression of BCL-2 was increased and that of BAX was decreased in IL-17-promoting SMMC7721 cells. These results suggest that IL-17/IL-17R may inhibit HCC apoptosis and that blocking IL-17R is able to upregulate the susceptibility of HCC cells to oxaliplatin-induced apoptosis.
IL-17/IL-17R inhibits oxaliplatin-induced apoptosis of SMMC-7721 cells. As shown in
IL-17/IL-17R induces autophagy in SMMC-7721 cells.
Increasingly, studies have focused on the effect of autophagy on tumor progression (25, 26) . Autophagy is a reversible process that regulates tumor survival or death; thus, it is closely associated with tumor progression (27) . Furthermore, autophagy during chemotherapy has been shown to induce chemoresistance (28) , while sensitivity to chemotherapy was increased when autophagy was inhibited (29,30). It is well known that decreased susceptibility to apoptosis during chemotherapy is the main mechanism of chemoresistance (31, 32) . LC3 is a specific marker of autophagosomes in mammalian cells, and the conversion of the soluble form of LC3 (LC3-I) to the autophagosome-associated form (LC3-II) is a characteristic of autophagy (33) (34) (35) . Furthermore, Beclin-1 is another important autophagy gene. In the present study, Beclin-1 and LC3-II expression in SMMC-7721 cells was increased following treatment with oxaliplatin (Fig. 4A) . In addition, the expression of Beclin-1 and LC3-II was markedly attenuated following blocking of IL-17R with a neutralizing 3-MA (10 mM) and AG490 (15 µg/ml) were added to the culture medium for 1 h prior to Oxa treatment, after which SMMC-7721 cells were treated with 20 µg/ml Oxa for 18 h. BCL-2 and BAX protein expression was determined by western blot analysis. GAPDH was used as an internal control. Oxa, oxaliplatin; IL-17, interleukin-17; IL-17R, IL-17 receptor; BCL-2, B-cell lymphoma-2; BAX, BCL-2-associated X protein; 3-MA, 3-methyladenine.
A B C D
antibody, and was increased accordingly following exposure to IL-17 (Fig. 4B) .
IL-17/IL-17R induces autophagy in SMMC-7721 cells through
the JAK2/STAT3 signaling pathway. IL-17 mediates cellular activities through various signal transduction pathways, including NF-κB, MAPK and PI3K (14) . The present study investigated the potential role of the JAK2/STAT3 signaling pathway in IL-17-mediated autophagy. In the present study, the levels of p-JAK2 and p-STAT3 were increased in oxaliplatin-stimulated cells compared with the control cells, while they were decreased following blocking of IL-17R. Conversely, treatment with IL-17 (Sigma-Aldrich; Merck Millipore) increased the levels of p-JAK2 and p-STAT3 in SMMC-7721 cells (Fig. 4C) . These results suggest that IL-17/IL-17R mediate cellular responses through the JAK2/STAT3 signaling pathway. In order to investigate the relationship between IL17/IL17R and JAK2/STAT3 and oxaliplatin-induced autophagy, blocking experiments were performed. AG490, which is a JAK inhibitor, is able to specifically block the activation of the JAK2/STAT3 signaling pathway, as tyrosine phosphorylation of STAT3 is dependent on JAK activity (36) . Furthermore, since the PI3K pathway has a crucial role in autophagy (37) (38) (39) , the PI3K signaling pathway was used as a control pathway to investigate the JAK2/STAT3 pathway. LY294002, which is reported to inhibit AKT activation in a dose-dependent manner (40) , was used and compared with the effect of AG490. SMMC-7721 cells were incubated with AG490 (15 µg/ml) or LY294002 (10 µg/ml) for 1 h prior to oxaliplatin treatment, after which autophagy-related proteins were detected by western blotting. Notably, a marked decrease in the expression of both Beclin-1 and LC3 II proteins was observed in AG490-treated cells, while only a negligible change was observed in LY294002-treated cells (Fig. 4D) . These results suggest that inhibition of the JAK2/STAT3 signaling pathway suppresses oxaliplatin-induced autophagy to a greater extent than inhibition of the PI3K pathway, which further indicates that the JAK2/STAT3 signaling pathway may have an important role in oxaliplatin-induced autophagy.
In order to further confirm the role of IL-17/IL-17R and the JAK2/STAT3 signaling pathway in the induction of autophagy and inhibition of apoptosis, SMMC-7721 cells were treated with 3-methyladenine (3-MA; 10 mM; Sigma-Aldrich; Merck Millipore), which is a known inhibitor of autophagy (41) , and AG490 to inhibit the JAK2/STAT3 signaling pathway. Compared with the cells treated with oxaliplatin only, the AG490-and oxaliplatin-treated cells expressed less BCL-2 and more BAX, which indicated that apoptosis was induced to a greater extent in these cells. There was no difference in the expression of BCL-2 and BAX following treatment with AG490 and 3-MA (Fig. 5) . These results suggest that autophagy in oxaliplatin-treated cells is induced through the JAK2/STAT3 signaling pathway.
Together, the results of the present study suggest that autophagy is activated in HCC cells following oxaliplatin treatment via IL17/IL17R-JAK2/STAT3, and that this may be involved in the chemoresistance of HCC to oxaliplatin.
Discussion
IL-17, which is the hallmark cytokine of the newly-defined Th17 cell subset, serves an important role in inflammatory diseases (42) . Since chronic inflammation has been associated with tumor invasion, migration and metastasis (43) , the significance of IL-17 in tumor progression has received increasing attention. The receptor of IL-17, IL-17R, is a common signaling subunit used by multiple ligands (44) . Researches have begun to investigate the unusual functional motifs and novel proximal signaling mediators employed by the IL-17R family to mediate downstream events (7, 45) . There is evidence that IL-17 may emerge as a novel prognostic marker in HCC.
In the present study, it was demonstrated that autophagy downregulated oxaliplatin-induced HCC apoptosis through the IL-17/IL-17R-JAK2/STAT3 signaling pathway. IL-17 and IL-17R were markedly increased in oxaliplatin-treated HCC patients. Previous studies reported that IL-17 may exert pro-tumor or antitumor effects in various tumor contexts (46) (47) (48) . The explanation for this discrepancy remains unknown. The present study aimed to determine the role that IL-17/IL-17R plays in the response of HCC to chemotherapy. Western blot analysis demonstrated that the expression of IL-17R was upregulated in HepG2 and SMMC-7721 cell lines, which was consistent with the report that IL-17-producing cells accumulate in various cancers, including HCC (8) . In addition, IL-17/IL-17R expression was shown to increase in oxaliplatin-treated SMMC-7721 cells, which was associated with downregulation of apoptosis, as demonstrated by the detection of BCL-2 and BAX expression by western blotting.
Previous studies have focused on the relationship between autophagy and tumors (49, 50) . The role of autophagy in tumors is complex, as it has been associated with both tumor suppression and therapeutic resistance in advanced tumors (51) . Inhibition of autophagy acted synergistically with chemotherapy in a mouse model of lymphoma (52) . Autophagy was considered a temporary survival mechanism through the interaction of autophagy-related Beclin-1 and anti-apoptotic BCL-2 (53); thus, autophagy may be induced upon chemotherapy as a survival mechanism. In the present study, the reduced sensitivity of HCC cells to apoptosis may have been related to the induction of autophagy. Therefore, the expression of autophagy-related proteins, including LC3B and Beclin-1, was detected in oxaliplatin-treated SMMC-7721 cells. It was determined that oxaliplatin was able to induce autophagy in HCC and that autophagy was dependent on IL-17/IL-17R. To delineate the potential mechanism underlying IL-17/IL-17R-induced autophagy, the activation status of JAK2 and STAT3 under the interference of IL-17/IL-17R was observed. It was found that IL-17/IL-17R increased the phosphorylation of JAK2 and STAT3, which was consistent with the fact that STAT3 controls Th17 cell differentiation (54) . Previous studies have shown that the PI3K signaling pathway has a crucial role in autophagy (55) (56) (57) . Therefore, to confirm the roles of the PI3K and/or the JAK2/STAT3 signaling pathway in autophagy activation in oxaliplatin-treated HCC cells, SMMC-7721 cells were pre-treated with both LY294002 and AG490 to block PI3K and JAK2/STAT3. According to the western blot result, autophagy was inhibited to a greater extent in AG490-treated cells, which suggested that the JAK2/STAT3 signaling pathway was predominantly involved. 3-MA is a specific autophagy inhibitor, and pre-treatment of SMMC-7721 cells with 3-MA induced apoptosis to a greater extent than treatment with oxaliplatin alone by increasing BAX and decreasing BCL-2 expression. Similarly, cells treated with AG490 expressed less BCL-2 and more BAX, thus confirming that autophagy was induced by the JAK2/STAT3 signaling pathway.
Consistent with the results of the present study, Huang et al (58) reported that a JAK inhibitor was able to effectively suppress IL-17A-induced gene expression in human bronchial epithelial cells. Sun et al (59) suggested that STAT3 signaling was a key pathway that mediates immune suppression in the tumor microenvironment, and that aberrantly activated STAT3 in HCC cells resulted in the upregulation of cytokines, including IL-17. Cross-Knorr et al (60) showed that oxaliplatin was able to enhance the apoptosis of cancer cells by disrupting survival signaling via the JAK/STAT pathway at the receptor level in stage II colon cancer patients. Together, these findings suggested the importance of the JAK2/STAT3 signaling in the regulation of IL-17 signaling.
Previous reports have also indicated that pharmacological inhibitors of JAKs are able to limit IL-17 signaling (61), although these results should be interpreted with caution because of the non-specific effects of such compounds (62) . Furthermore, IL-17-induced activation of STAT factors, which could promote cytokines secretion (including IL-6), have not been satisfactorily disproved (7) . Therefore, whether IL-17/IL-17R mediates oxaliplatin-induced autophagy directly or through other pathways requires further analysis.
In conclusion, the present study demonstrated that autophagy inhibited oxaliplatin-induced HCC apoptosis via the IL-17/IL-17R-JAK2/STAT3 signaling pathway. These results suggested that blocking IL-17/IL-17R may be considered a novel therapy for chemoresistant HCCs.
